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ABSTRACT 



A system for disabling defective memory elements includes 
a memory array, an address decoder and a decoder element. 
The memory array has multiple memory elements for stor- 
ing data. The address decoder receives a requested memory 
address and produces multiple element-select signals. Each 
element-select signal is. associated with one of the memory 
elements and indicates whether access to the associated 
memory element is requested by the host. The_dgcoder 
element receives one of the element-select signate and 
provides an out pjU sig nal \ n th e associated memory element. 
If the associated memory element is functional, the output 
signal enables or disables the associated memory element in 
accordance with the associated element-select signal. If. o n 
the other hand, t he associated memory eleme_nt is defective , 
the output sipnal c Hs ^eft ihe^ssnr i alejlmemgrv elemen t 
regardless of the associated element-select signal. The 
decoder element is programmed upon power-up so a s not to 
require an address comparison for each memory access 
cycle. 

16 Claims, 5 Drawing Sheets 
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DECODING CIRCUIT FOR MEMORIES 
WITH REDUNDANCY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The following U.S. patent applications, assigned to the 
same assignee as the present invention, are related to the 
present application: 

U.S. patent application Ser. No. 09/426,034, entitled 
"BUILT-IN SELF REPAIR CIRCUIT WITH PAUSE. FOR 
DATA RETENTION COVERAGE," filed on Oct. 25. 1999. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to integrated cir- 
cuit memory devices. More particularly, the present inven- 
tion relates to decoding circuits for memories with redun- 
dancy. 

Semiconductor integrated circuit memories such as static 
random access memories ("SRAMs"l have used BISR cir- 
cuits to screen for and sometimes repair certain memory 
failures in she factory and in the field. BISR circuits typi- 
cally include a state machine, which is fabricated on the 
integrated circuit with the memory array for implementing a 
selected test algorithm. This algorithm is initiated in the 
factory by an external memory tester. In the field, the 
algorithm is initiated on start-up. 

The prevailing method for detecting faults in SRAMs that 
have BISR circuits is to screen for these faults in the factory. 
In the factory, the memory and associated BISR circuit are 
coupled to a memory tester, which provides a supply voltage 
and a system clock to the memory array and provides control 
signals to operate the BISR circuit. Typically, memory 
testers use a two-pass approach through the BISR circuit test 
algorithm. In the first pass, memory failures are detected and 
repaired. In the second pass, the repairs are verified. 

A common BISR test algorithm consists of several runs 
through the memory array. The BISR test algorithm per- 
forms a sequence of writes and reads on each cell in the 
memory array, comparing the output of each read with 
expected data. When a discrepancy is detected, the BISR test 
algorithm re-maps the memory addresses to replace the row 
containing the failing cell with a redundant row. These 
repairs are verified in the second pass through the BISR test 
algorithm. 

When the memory is installed in the field, the BISR test 
algorithm is initiated on start-up. Then, during normal 
operation of the memory array, typical existing systems 
employ an address matching circuit connected to the input 
addresses. Incoming addresses are compared against pre- 
programmed failing addresses on every access cycle. If the 
incoming address matches a failing address, a redundant 
memory element is utilized in place of the target memory 
element. The comparison has a sifmificqnj timing impact on 
the system. The more address hits there are, the-|nnger ii 
takes to perform the comparison . Currently, a 10-bit address 
can take 2 ns (nanoseconds) or more to be matched. 

The present invention provides a solution to this and other 
problems and offers other advantages over the prior art. 

SUMMARY OF THE INVENTION 

The present invention relates to decoding circuits for 
memories with redundancy. 

One embodiment of the present invention is directed to a 
system for disabling defective memory elements. The sys- 
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tem includes a memory array, an address decoder and a 
decoder element . The memory array has multiple memory 
elements for storing data. The address decoder receives a 
requested memory address and produces multiple element- 

5 select signals. Each element-select signal is associated with 
one of the memory elements and indicates whether access to 
the associated memory element is requested by the host. The 
decoder element receives one of the element-select signals 
and provides an output signal to the associated memory 
element. If the associated memory element is functional, the 
output signal enables or disables the associated memory 
element in accordance with the associated element-select 
signal. Whereas if the associated memory element is 
defective, the output signal disables the associated memory 
element regardless of the associated element-select signal. 

15 One embodiment of the present invention further includes 
a spare memory element and a redundant-address decoder. 
The spare memory element is able to store data that is 
intended for a predetermined defective memory element. 
The redundant-address decoder receives the requested 

20 

memory address and provides a spare-element-select signal 
to the spare memory element. The spare-element-select 
signal enables the spare memory element if the requested 
memory address matches the address of the defective 
memory element. 

Another embodiment of the present invention is directed 
to a method of disabling defective memory elements of a 
memory array Prior to normal operation of the memory 
array, it is determined whether a particular memory element 

3Q is functional or defective. An element-select signal indicat- 
ing whether access to the memory element is requested by 
a host is received. If the memory element is functional, the 
memory element is enabled or disabled in accordance with 
the element-select signal. On the other hand, if the memory 

35 element is defective, the memory element is disabled regard- 
less of the element-elect signal. 

In a further embodiment of the above method, if the 
memory element is defective, a spare memory element is 
provided and the address of the defective memory element 

40 is stored. The address of a memory element that the host 
requests access to is received. The address of the defective 
memory element is compared to the requested address. If the 
address of the defective memory element matches the 
requested address, the spare memory element is enabled. 

45 These and various other features as well as advantages 
which characterize the present invention will be apparent 
upon reading of the following detailed description and 
review of the associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 FIG. 1 is a block diagram of an integrated circuit memory 
having a built-in self repair BISR) circuit according to an 
illustrative embodiment of the present invention. 
FIG. 2 is a block diagram depicting a circuit for disabling 

55 faulty memory elements in accordance with the present 
invention. 

FIG. 3 is a flowchart representing a method of disabling 
defective memory elements in a memory array according to 
an illustrative embodiment of the present invention. 

60 FIG. 4 is a logic circuit of an illustrative embodiment of 
a decoder element according to the present invention. 

FIG. 5 is a flowchart representing a method of disabling 
defective memory elements in a memory array according to 
an illustrative embodiment of the present invention. 

65 FIG. 6 is a block diagram of a redundant address decode 
circuit according to an illustrative embodiment of the 
present invention. 
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FIG. 7 is a logic diagram of an illustrative implementation control input 16 includes data input D w , write enable input 

of a single redundant-address decoder in accordance with WE and chip enable input CE. 

the present invention. Dala oulput 17 0 f mem ory array 12 is coupled to output 

DETAILED DESCRIPTION OF ILLUSTRATIVE pins or other circuitry (not shown) on integrated circuit 10 

EMBODIMENTS 5 and is also coupled to input 86 of comparator circuit 28. 

FIG. 1 is a block diagram of an integrated circuit 10 Input 88 ofcomparator circuit 28 is coupled to expected data 

having a memory array 12 and built-in self repair (BISR) oul P ut 62 of BIST circuit 18 0ut P ut 90 of comparator 

circuit 14, according to an illustrative embodiment of the circuit 28 fa c^P 1 ^ to error input 63 of BIST circuit 18 and >j 

present invention. BISR circuit 14 is fabricated with to error output 46. gon &tio^output 65 of BIST c ircuit 18 is (J 

memory array 12 on integrated circuit 10. Memory array 12 10 coupleo^condition input yqjai decoder ejementJO. . | OX 

can include a static random access memory (SRAM), for Qmjflg nor mal operation, test enable input-40 is inactive Nj; 

example. Other types of memories can also be used. which riisqhles R1S T circuit 18 a rid controls multiplexers 21 f^)j* ' 

Memory array 12 includes word-line input 15, data and and 22 to coup je external address input 48 and external data 

control input 16 and data output 17. and control" input SU Ifl memory array 12 for accessing 

BISR circuit 14 includes built-in self test (BIST) circuit 15 selected memory locations. Multiplexer 21 provides the 
18, multiplexers 21 and 22, address decode circuit 24, selected address to address decoder 24 and to redundant- 
redundant-address decode circuit 26, compare circuit 28 and address decode circuit 26. If the requested memory element 
decoder elements 30. BISR circuit 14 further includes ini- >s functional, as determined in test mode prior to normal 
tialize input 32, test enable input 40, field/factory mode Q operation, decoder elements 30 drive the selected memory 
input 42, fail flag output 44, error output 46, external address element 34. If, on the other hand, the requested memory 
input 48, and external data and control input 50. BIST circuit element is faulty, redundant-address decode circuit^ selec- 
18 includes test address output 60, test data and control tively drives a spare memory element 36 with redundant 
output 61, expected data output 62, error input 63, condition w °rd lines 98 to avoid faulty memory cells in memory array 
output 65, mode input 67 and test enable input 68. 25 12. 

External address input 48 and external data and control Id test mode, test enable input 40 is active, which activates 

input 50 provide the address, data and control to memory BIST circuit 18 and multiplexers 21 and 22 select test 

array 12 during normal operation. These inputs are driven by address output 60 and test data and control output 61 for 

input pins or other circuitry (not shown) on integrated circuit driving memory array 12. BIST circuit 18 include s_a state 

10. External address input 48 and external data and control 3Q ^ machine , for example, which implements a built-in self test 

input 50 are coupled to a first of two data inputs of <)lgnrilhm for , testing ^ each cell of m emory array 12-B1ST 

multiplexers 21 and 22, respectively. The second data inputs circuit 18 can include a state machine or finite controlled 

of multiplexers 21 and 22 are coupled to test address output system similar to the commercially available RAM BISTs 

60 and test data and control output 61, respectively, of BIST provided by LSI Logic Corporation of Milpitas, Calif, or 

circuit 18. Multiplexers 21 and 22 control whether memory 35 LogicVision, Inc. of San Jose, Calif., for example. Other 

array 12 is operated by external circuitry or by BIST circuit circuits either hard wired or driven by software can be used 

18 based on a test enables signal received on input 40, which to implement the test algorithm. 

is coupled to multiplexer select inputs 71 and 72. BIST circuit 18 controls outputs 60 and 61 to perform a 

The address output 38 of multiplexer 21 is coupled to the sequence of writes and reads on memory array 12. The test 

inputs of both the address decoder 24 and the redundant- 40 algorithm sequences through each address location of 

address decode circuit 26. Address decode circuit 24 pro- memory array 12 and performs several write anri_reqd 

vides a plurality of word lines 80. According to an illustra- t apfiQliaas»at each location. For example, the test algorithm 

tive embodiment of the present invention, each word line 80 can initially write a ^esrpattern to memory array 12 su ch that 

is coupled to a decoder element 30, whose output 82, in turn, each memory cell has a definite state, 'llie test algorithm then 

is provided to word-line input 15 of memory array 12 for 45 read the stored data (i.e. logic state) from each memory cell, 

driving selected memory elements (in the illustrative writes the opposite state to the memory cell and then reads 

embodiment of FIG. 1, rows 34). For clarity's sake, the the stored, opposite state from the memory cell. As each cell 

present invention is described in FIG. 1, and in other or address location is read, compare circuit 28 compares the 

segments of the present application, with respect to driving data that was read with expected data provided by BIST 

memory rows 34. However, the present invention also 50 circuit 18 on output 62. The test algorithm then moves on to 

applies to driving other memory elements, such as memory the next cell or address location in the array. The test 

columns or individual memory cells. Each decoder element algorithm can run through the addressed locations in 

30 also receives condition signal 65 at condition input 96. memory array 12 multiple times and in various orders, with 

The condition signal 65 is indicative of whether the asso- multiple test patterns being written to and read from the 

ciated memory element 34 is functional or defective. The 55 array. This type of test algorithm is commonly referred to as 

outputs 82 of tjie decoder elements 30 are based in part on a March-type test algorithm. 

the values of word line 80 and condition input 96 , as is If the data read from a particular cell or address of 

described in detail below. Decoder elements 30 also include memory array 12 .does not match the expected data , compare 

initialize input 32 which serves to initialize the settings of circuit 28 activates error output 9fl to signal that the memory 

decoder elements 30. 60 cell or location being tested is taulty. When BIST circuit 18 

Redundant-address decode circuit 26 drives spare detects that error output 90 is active, the address of the 

memory elements 36 through redundant word lines 98 when defective element is stored in a failing address register FAR 

the requested memory element 34 is defective. If redundant- (not shown). The failing address register may reside within 

address decode circuit 26 runs out of redundant memory the BIST circuit 18 itself or may be external to BIST circuit 

locations (e.g. rows 34), circuit 26 activates fail flag 44. 65 18. 

The dala output of multiplexer 22 is coupled to data and FIG. 2 is a block diagram depicting a circuit for disabling 

control input 16 of memory 12 in one embodiment, data and faulty memory elements in accordance with one embodi- 
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mem of the present invention. The circuit includes address indicated at block 306. If, on the other hand the memory 

decoder 24, decoder elements 30 and memory array 12, element 34 is functional, it is queried whether the memory 

which are also shown in FIG. 1. The memory array 12 has element 34 is requested by the host, as shown at block 308. 

multiple memory elements 34 for storing data, as shown in If the memory element 34 is requested by the host, the 

FIG. 1. The address decoder 24 receives a requested memory 5 element 34 is enabled, as shown at block 312. If the memory 

address 38 from multiplexer 21 and produces multiple element is not requested, the element 34 is disabled, as 

element-select signals, or .word lines. 80 . Each element - shown at block 310. 

select signal Sf > is associated with one of the memor y FIG. 4 is a logic circuit of an illustrative embodiment of 

elements 34 a nd indicates whether access to the associated a decoder element 30 according to the present invention. In 

memory element 34 is requested by the host, p-fl ch darter 10 this embodiment, decoder element includes AND gate 102, 

element 30 receives one of the element -select signals 80 and NAND gate 104 and latch 106. Latch 106 includes NAND 

provides an mitmit sipnal fl2 to the associated memory g ates 108 and 110 configured as a direct<oupled NAND- 

element 34. The output sumaLJS2 s electively enables and 8 ate RS flip- flo P having an R input 112, an S input 114, a Q 

disables its associatecf me mory^ element^ . If thT^odated output 116 and a Q' output U6 Initialize signal 32 is 

'Sry element 34 junctional the output signal 82 15 cou P le ^ l °; 8 ■PP ul ^ 1°?^^ 106 « ^ 96 

enables or disables the associated memory element 34 in 15 to m P ut * 20 of >™ f g* ™- Element-select 

accordance with the corresponding element-select signal 80. *** J£ n ^?,ff JSSjK ™f 

, . . , ■ i on ■ j* # ♦ *u as to mput 124 of AND gate 102. Output 126 of NAND gate 

™ at 4 thc SlSSiSafcSSlSa m aagg&.ft* the 104 is coupled to R input 112 of flip-flop- 106- The output 

associated memory element is reouested^bv the host output Q , U8 of ^ fl 106 ^ M iQ m [ 128 of ^ ^ 

82 enables me memory element but if the element-select 20 102 0utput ^ ofAND gate 102 is provided to an associated 

signal 80 indicates that the associated memory element is memory element 34 in memory array 12. In practice, AND 

C not requested bv the host, output 82 disables the memory ' gate can be implemented as a NAND gate with an inverter 

element 34. If, on the other hand, the associated memory coupled to its output. A functional description of decoder 

element 34 is defective, the output si gnal 82 disables the element 30 is shown in Table 1. 

assof iat^l mpmnry element 34 irrespective of the value of 25 

the associated element-select signal 80. This prevents defec - TABLE 1 
tive memory elements from b eing afigggggj a ^ ri thus pre- 
'vents data from being contaminated or lost. 

According to an illustrative embodiment of the present 

invention, decoder elements 30 are . separately program - 30 
mable upon power-up^ Testing of the memory array 12 is 
performed prior to the programming of the decoder elements 
30. This testing can be performed in the factory or at various 
points in time in the field, or both. The testing of the memory 

array 12 determines which memory elements 34 are func- 35 

tional and which, if any, are defective. According to the {q { u D0D nower-uo. after testing memory ele- 

present invention, at power-up n f fte memory array 1? , the mm & and pdo r to Dorma l operation of memory array 12, 

memory elements 34 are cycled through. During this a nce of st is perforrned to program d /ooder ele- 

process, condition signal 96 mdicates whether the presently meQl 30 nis is summ arized in the flowchart of 

requested memory element 34 is functional or defective. 40 FIG. 5. In this illustrative embodiment, element-select signal 

Condition signal 96 determines how each decoder element ^ a logical "1" when the associated memory element is 

30 will be programmed for normal operation of the memory requested. Also, a memory element 34 is enabled when 

array 12. If condition signal 96 indicates that the associated output 82 of its associated decoder element 30 is a logical 

memory element 34 is functional, decoder element 30 is "1" and disabled when output 82 is a logical "0." The first 

programmed such that the associated memory element 34 45 step 200 in programming decoder element 30 is to set 

will be enabled or disabled in accordance with the corre- in itialize signal 32 and condition signal 96 to logic "0." After 

sponding element-select signal 80. If condition signal 96 this step, Q' 128 is at logic "0," preventing all element select 

indicates that the associated memory element is signals 80 from getting through. The second step 202 in 

defective, decoder element 3 C is prograrrtmeri R1irh thatthft programming decoder element 30 is to set initialize signal 

associated memory element 3 4 Js always disabled, regard- 50 32 to logic "1." Q' remains at logic "0" after this step. The 

less of the value of the associated element-select signal 80. third step 204 is to cycle through all of the memory elements 

In an illustrative embodiment, condition signal 96 is pro- 34 in memory array 12. When a particular memory element 

vided by BIST circuit 18, as shown in FIG. 1. But condition 34 is accessed (cycled to) in this process, element select 

si gnal 96jnav also be provided by a device external to BIST signal 80 becomes a logical "1." At the same time, if that 

circuit 18 . Initialize signal 32 is also used to program the 55 particular memory element 34 is functional, as determined 

decoder elements 30 upon power-up, as is described below. during the memory array testing performed prior to pro- 

A method of disabling defective memory elements 34 in gramming the decoder elements 30, condition signal 96 is 

a memory array 12 using a circuit such as that of FIG. 2 is set to a logical "1." Conversely, if he memory element is 

represented in the flow chart of FIG. 3. At block 300, prior defective, condition signal 96 is set to a logical "0." Thus, if, 

to normal operation of the memory array 12, it is determined 60 and only if, the memory element is functional, output 126 of 

whether a particular memory element 34 is functional or NAND gate 104 is a logical "0." In turn, when R input 112 

defective. At block 302, an element-select signal 80 indi- of flip-flop 106 is "0," output Q' 118 of flip-flop 106 is a 

eating whether access to the memory element 34 is logical "1." If condition signal 96 is a logical "0," signifying 

requested by a host is received. At block 304 it is queried that memory element 34 is defective, Q' will hold a logical 

whether the memory element 34 is functional or defective. 65 "0." 

If the memory element 34 is defective, the memory element After all of the memory elements 34 have been cycled 

34 is disabled regardless of the element-elect signal 80, as through; the fourth step 206 calls for holding initialize signal 
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32 at logic "1" and setting and holding condition signal 96 
at logic "0" at all times. This causes the value held by output 
Q* 118 after step three 204 to be held throughout normal 
operation of the memory 12. After this sequence of steps, the 
memory array is ready for normal operation. If a given 
memory element. 34 is functional, 

the value of 0' of its associated decoder element 30 will 
be a logical "1." Then, because Q' is "anded" with the 
element select signal 80, the value of element signal 80 will 
simply pass through decoder element 30 to memory element 
34 unchanged. However, if a given memory element 34 is 
defective, the value of O' of its associated decoder element 
30 will be a logical "0." Then, because Q' is " AND-ed" with 
the element select signal 80, the value of output 82 will be 
a logical "0" regardless of the state of element-select signal 
80. In this way, decoder element 30 prevents a defective 
memory element 34 from being enabled during normal 
operation. 

FIG. 6 is a block diagram of redundant address decode 
(RAD) circuit 26 according to an illustrative embodiment of 
the present invention. FIG. 6 shows redundant-address 
decoders 26-0, 26-1, 26-2 and 26-3 coupled to spare 
memory rows 36-0, 36-1, 36-2 and 36-3 via spare-element - 
select lines 98-0, 98-1, 98-2 and 98-3. Each redundant- 
address decoder 26-0, 26-1, 26-2, 26-3 is used to activate 
one spare row 36-0, 36-1, 36-2, 36-3. Though FIG. 6 shows 
four spare rows 36, any number may he employed in 
accordance with the present invention. Of course the present 
invention can also be employed to repair memory elements 
other than memory rows 34, such as memory columns or 
individual memory cells. Each redundant-address decoder is 
coupled to a failing address register (FAR) 52-0, 52-1, 52-2, 
52-3 which holds the address of a particular defective 
memory element 34 as determined beforehand by memory 
testing. The failing address 52 register can be located in 
BIST circuit 18 or can be located elsewhere in BISR circuit 
14. Alternatively, the address of the defective memory 
element can be stored by a fuse bank or other device in BISR 
circuit 14. Each redundant-address decoder 26 also receives 
the address 38 of the memory element 34 presently 
requested by the host. Each spare memory element 36 is 
adapted to store data that is intended for a predetermined 
defective memory element 34. The spare-element-select 
signal 98 enables the spare memory element 36 if the 
requested memory address 38 matches the address stored in 
the failing address register 52. In an illustrative embodiment, 
each redundant-address decoder 26 also receives an activate 
signal 54-0, 54-1, 54-2, 54-3 which allows the redundant 
address decoder 36 to be selectively activated or deactivated. 

FIG. 7 is a logic diagram of an illustrative implementation 
of a single redundant-address decoder 36 in accordance with 
the present invention. The diagram of FIG. 7 is for a memory 
array 12 having 8-bit addresses. Of course the circuit can be 
expanded to accommodate memories 12 having addresses of 
any size. According to this implementation, redundant- 
address decoder 26 includes equivalence, or exclusive-nor, 
gates 64, AND gates 66 and AND gate 70. Each equivalence 
gate 64 receives one bit of the address 52 of the defective 
element that the associated spare element 36 "replaces." 
Each equivalence gate 64 also receives a corresponding bit 
of the requested memory address 38. The outputs of each of 
equivalence gates 64-0 are provided to AND gate 66-0. The 
outputs of each of equivalence gates 64-1 are provided to 
AND gate 66-1. The outputs of AND gales 66-0 and 66-1 are 
provided to AND gate 70. In an illustrative embodiment, 
AND gale 70 also receives activate signal 54. Thus, spare- 
element-select signal 98 will be a logical "1," thus enabling 
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the spare memory element 36, only when the requested 
address 38 is identical to the address held in the failing 
address register 52 and the redundant-address decoder 26 is 
activated (logic "1**). Alternative designs can also be imple- 

5 mented to achieve this function. For example, AND gates 66 
can be replaced with NAND gates, AND gate 70 can be 
replaced with a NOR gate and an inverter, and an inverter 
can be placed in the path of the activate signal 54. 
The present invention "repairs" defective memory ele- 

10 ments without comparing m corning addresses against pre- 
viously determined failing addresses on every access cycle, 
as is done in the prior art. Therefore, the present invention 
significantly reduces the per-access timing penalty arising 
from the repair of defective elements. Using the present 

15 invention, the only per-access timing penalty associated 
with repairing defective elements is the delay arising from 
AND gate 102 (see FIG. 4). With current technology, this 
delay is 0.5 ns or less. In contrast, the address-matching 
circuits of the prior art take about 2 ns each access cycle to 

20 compare a requested 10-bit address to the failing addresses. 
The delay is even greater with larger addresses. 

In summary, one embodiment of the present invention is 
directed to a system for disabling defective memory ele- 
ments 34. The system includes a memory array 12, an 

25 address decoder 24 and a decoder element 30. The memory 
array 12 has multiple memory elements 34 for storing data. 
The address decoder 24 receives a requested memory 
address and produces multiple element-select signals 80. 
Each element-select signal 80 is associated with one of the 

30 memory elements 34 and indicates whether access to the 
associated memory element 34 is requested by the host. The 
decoder element 30 receives one of the element-select 
signals 80 and provides an output signal 82 to the associated 
memory element 34. If the associated memory element 34 is 

35 functional, the output signal 82 enables or disables the 
associated memory element 34 in accordance with the 
associated element-select signal 80. But if the associated 
memory element 34 is defective, the output signal 82 
disables the associated memory element 34 regardless of the 

40 associated element-select signal 80. 

One embodiment of the present invention further includes 
a spare memory element 36 and a redundant-address 
decoder 26. The spare memory element 36 is able to store 

45 data that is intended for a predetermined defective memory 
element 34. The redundant-address decoder 26 receives the 
requested memory address 38 and provides a spare -element- 
select signal 98 to the spare memory element 36. The 
spare-element-select signal 98 enables the spare memory 

50 element 36 if the requested memory address 38 matches the 
address 52 of the defective memory element 34. 

Another embodiment of the present invention is directed 
to a method of disabling defective memory elements 34 of 
a memory array 12. Prior to normal operation of the memory 

55 array 12, it is determined whether a particular memory 
element 34 is functional or defective. An element-select 
signal 80 indicating whether access to the memory element 
34 is requested by host is received. If the memory element 
34 is functional, the memory element 34 is enabled or 

60 disabled in accordance with the element-select signal 80. On 
the other hand, if the memory element 34 is defective, the 
memory element 34 is disabled regardless of the element- 
elect signal 80. 

In a further embodiment of the above method, if the 

65 memory element 34 is defective, a spare memory element 36 
is provided and the address 52 of the defective-memory 
element 34 is stored. The address 38 of a memory element 
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34 that the host requests access to is received. The address 
52 of the defective memory element 34 is compared to the 
requested address 38. If the address 52 of the defective 
memory element 34 matches the requested address 38, the 
spare memory element 36 is enabled. 

It is to be understood that even though numerous char- 
acteristics and advantages of various embodiments of the 
present invention have been set forth in the foregoing 
description, together with details of the structure and func- 
tion of various embodiments of the invention, this disclosure 
is illustrative only, and changes may be made in details, 
especially in matters of structure and arrangement of parts 
within the principles of the present invention to the full 
extent indicated by the broad general meaning of the terms 
in which the appended claims are expressed. For example, 
although the present invention was described primarily with 
respect to repairing defective memory rows, it applies 
equally to repairing other memory elements, such as 
memory columns, without departing from the scope and 
spirit of the present invention. Other modifications can also 
be made. 

What is claimed is: 

1. A system for disabling defective memory elements, 
comprising: 

a memory array having a plurality of memory elements 
adapted to store data; 

an address decoder adapted to receive a requested 
memory address and to produce a plurality of element- 
select signals, each element-select signal being associ- 
ated with one of the memory elements and indicating 
whether access to the associated memory element is 
requested by a host; and 

a decoder element a dapted to receive one of the element- 
select signals and to provide an output signal to the 
associated memory element, wherein if the associated 
memory element is functional, the output signal 
enables or disables the associated memory element in 
accordance with the associated element select signal, 
whereas if the associated memory element is defective, 
the output signal disables the associated memory ele- 
ment regardless of the associated element-select signal. 

2. The system of claim ! wherein the system is program- 
mable upon power-up such that an address comparison does 
not need to be performed for each memory access. 

3. The system of claim 1 further comprising: 

a built-in self-repair circuit adapted to determine whether 
a particular memory element is functional or defective 
and provide a condition signal to each decoder element 
indicating whether the associated memory element is 
functional or defective. 

4. The system of claim 3 wherein the element-select 
signal produced by the address decoder is a digital "1" if 
access to the associated memory element is requested by the 
host and a digital "0" if access to the associated memory 
element is not requested, wherein the associated memory 
element is enabled if the output signal from the decoder 
element is a digital "1" and disabled if the output signal from 
the decoder element is a digital "0" and wherein the decoder 
element comprises an AND gate having first and second 
inputs and an output, the first input being coupled to the 
associated element-select signal, the second input being 
coupled to an output of a latch, the latch output holding a 
digital value of "0" if the associated memory element is 
defective and holding a digital value of "1" if the associated 
memory element is functional, and the output of the AND 
gate being coupled to the associated memory element. 
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5. The system of claim 4 wherein the condition signal 
produced by the built-in self-repair circuit is a digital "1" if 
the associated memory element is functional and a digital 
"0" if the associated memory element is defective, and 

5 wherein the latch comprises a direct-coupled NAND-gate 
RS flip-flop having two inputs, S and R, and an output Q\ 
wherein the R input is coupled to the output of a NAND gate 
having first and second inputs, the first input of the NAND 
gate being coupled to the condition signal and the second 

10 input of the NAND gate being coupled to the associated 
element-select signal, and wherein the Q' output is coupled 
to the second input of the AND gate. 

6. The system of claim 1 further comprising: 

a spare memory element adapted to store data that is 
15 intended for a predetermined defective memory ele- 
ment; and 

a redundant-address decoder adapted to receive the 
requested memory address and to provide a spare - 
element-select signal to the spare memory element, the 
20 spare-element-select signal enabling the spare memory 
element if the requested memory address matches an 
address of the defective memory element. 

7. The system of claim 6 wherein the redundant-address 
decoder comprises a comparator adapted to compare the 

25 address of the defective element to the requested memory 
address. 

8. The system of claim 7 wherein the comparator com- 
prises a plurality of equivalence gates, each adapted to 
receive one bit of the address of the defective element and 

30 a corresponding bit of the requested memory address, and 
wherein the spare-element-select signal enables the spare 
memory element when the output of all the equivalence 
gates is a digital "1." 

9. A method of disabling defective memory elements of a 
35 memory array, comprising: 

determining prior to normal operation of the memory 
array whether a particular memory element is func- 
tional or defective; 
40 decoding a requested address with an address decoder; 

receiving an element-select signal from the address 
decoder indicating whether access to the memory ele- 
ment is requested by a host; 

if the memory element is functional, enabling or disabling 
45 the memory element in accordance with the element- 
select signal; and 

if the memory element is defective, disabling the memory 
element regardless of the element-select signal. 

10. The method of claim 9 wherein the element-select 
50 signal is a digital "1" if access to the memory element is 

requested by the host and a digital "0" if access to the 
memory element is not requested, and wherein enabling/ 
disabling the memory element comprises: 
providing an AND gate having first and second inputs and 
55 an output; 

providing a latch having an output that holds a digital 
value of "0" if the associated memory element is 
defective and that holds a digital value of "1" if the 
associated memory element is functional; 

60 

coupling the first input to the element-select signal; 
coupling the second input to the output of the latch; and 
coupling the output of the AND gate to the memory 

element, wherein the memory element is enabled if the 
65 output signal from the AND gate is a digital "1" and 

disabled if the output signal from the AND gate is a 

digital "0." 
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11. The method of claim 10 further wherein determining 
whether the memory element is functional or defective 
comprises receiving a condition signal indicating whether 
the memory element is functional or defective. 

12. The method of claim U wherein the condition signal 
is a digital "1" if the memory element is functional and a 
digital "0" if the memory element is defective, and wherein 
providing a latch comprises: 

providing a direct-coupled NAND-gate RS flip-flop hav- 
ing two inputs, S and R, and an output Q'; 

coupling the R input to the output of a NAND gate having 
first and second inputs, the first input of the NAND gate 
being coupled to the condition signal and the second 
input of the NAND gate being coupled to the element- 
select signal; and 

coupling the Q* output to the second input of the AND 
gate. 

13. The method of claim 9 further comprising the follow- 
ing steps if the memory element is defective: 

providing a spare memory element; 

storing the address of the defective memory element; 

receiving the requested address of a memory element that 
the host requests access to; 

comparing the address of the defective memory element 
to the requested address; and 

if the address of the defective memory element matches 
the requested address, enabling the spare memory ele- 
ment. 

14. The method of claim 13 wherein comparing comprises 
providing a plurality of equivalence gates, each adapted to 
receive one bit of the address of the defective memory 
element and a corresponding bit of the requested address, 
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and wherein the spare memory element is enabled when the 
output of all the equivalence gates is a digital "1." 

15. A system of handling defective memory elements in a 
memory array, comprising: 

5 a memory array including a plurality of memory ele- 
ments; 

an address decoder adapted to receive a requested 
memory address and to produce a plurality of element- 
select signals, each element-select signal being associ- 

10 ated with one of the memory elements and indicating 
whether access to the associated memory element is 
requested by a host; and 
a logic circuit having first and second inputs and an 
output, the first input being coupled to the associated 

15 element-select signal, the second input being coupled 
to a condition signal representative of whether the 
associated memory element is functional or defective, 
and the output being coupled to the associated memory 
element, wherein the logic circuit passes the associated 

20 element-select signal to the associated memory element 
or blocks the associated element-select signal from 
reaching the associated memory element based on the 
condition signal. 

16. The system of claim 15 wherein the logic circuit 
25 comprises: 

a latch having a latch input coupled to the condition signal 

and a latch output; and 
a logic gate having a first logic input coupled to the latch 
30 output, a second logic input coupled to the associated 

element-select signal and a logic output coupled to the 

associated memory element. 
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